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AN INTEGRATED TEMPERATURE SENSOR 



Technical Field of the Invention 

5 The present invention generally relates to integrated circuits, and more 

particularly, to a thermal sensor for an integrated circuit. 

Backgroimd of the Invention 

p 10 Temperature gradients across the dies of today's high performance very large 

E3 scale integration (VLSI) components, such as a microprocessor, can adversely affect 

^fi component performance. For example, a temperature variation between two clock 

driver circuits within a microprocessor often results in a skew in the system clock of 
y, the microprocessor. Moreover, the die of the microprocessor may reach an 

Ql 15 xmacceptable temperature that causes the microprocessor to malfunction or stop 
functioning. 



To protect a microprocessor from thermal damage, a diode is typically placed 
in the die of the microprocessor to provide a die temperature indication. This diode is 
20 driven with a fixed amount of current, and the corresponding voltage drop across the 
diode provides an indication of the microprocessor temperature. Unfortunately, the 
diode provides a temperature reading that is accurate to about ± 10°C, which is often 
not accurate enough to provide an early indication of a temperature abnormality. 
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Moreover, a single diode is typically utilized to measure the die temperature of the 
entire microprocessor. 

Given the size and complexity of current and future microprocessors, it is 
extremely difficult to determine a temperature gradient across the microprocessor 
using only a single diode positioned at a single location on the microprocessor die. 
As such, substantial variations in temperature across the die of the microprocessor can 
go undetected. Consequently, early indications that a thermal related problem exists 
in a portion of the microprocessor go undetected. 

Summary of the Invention 

The present invention addresses the above-described limitations of sensing the 
temperature of an integrated circuit. The present invention provides a thermal sensor 
and a method to accurately sense the temperature of an integrated circuit. 

In one embodiment of the present invention, a thermal sensor having an 
oscillator circuit and a counter circuit is provided to sense a temperature of an 
integrated circuit. The oscillator circuit generates a first oscillating reference signal 
that oscillates at a frequency substantially independent of the temperature of the 
integrated circuit. The oscillator circuit also generates a second oscillating signal at a 
frequency that varies depending on the temperatvire of the integrated circuit. The 
counter circuit is configured to include a first counter circuit to perform a count on the 
oscillating reference signal and a second counter circuit to perform a count on the 
temperature dependent oscillating signal. In operation, the oscillating reference signal 
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oscillates at a higher frequency value than the frequency value of the temperature 
dependent oscillating circuit. In this manner, when the first counter of the counter 
circuit reaches a predetermined value, the first covinter asserts an output signal that 
halts the second counter from performing the count on the temperature dependent 
oscillating signal. The count held by the second counter when the first counter asserts 
its output signal represents the sensed temperature of the integrated circuit. Once the 
second counter is halted, the count held by the second coxmter is shifted in a parallel 
manner to a shift register so that the temperature value can be serially shifted to a 
controller, such as a service microprocessor for further processing. 

The counter circuit also includes a first synchronizer to synchronize the output 
signal of the first counter to the temperature dependent oscillating signal's frequency 
domain. This synchronized signal is utilized as a first control signal to halt the 
incrementing of the second counter. The counter circuit also provides a second 
synchronizer to synchronize the output signal of the first counter to the main system 
clock's frequency domain. This synchronized signal is utilized as a second control 
signal to trigger the loading of the serial shift register with the count held by the 
second counter. The first control signal asserted by the first synchronizer is also 
utilized to reset a counter register of the counter circuit utilized to hold the count on 
the temperature dependent oscillating signal. 

The above-described approach provides an integrated circuit with an 
integrated thermal sensor capable of providing a temperature response with an 
accuracy of ± 1 .5°C. As a result, a temperature spike in a particular area of the 
integrated circuit can be more easily detected before a malfunction can occur due to 
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an elevated temperature of the integrated circuit. In this manner, muUiple thermal 
sensors can be placed at multiple locations throughout the die of the integrated circuit 
to accurately track and monitor the thermal profile of the entire integrated circuit. 

In accordance with another aspect of the present invention, a method is 
performed in an integrated circuit having a thermal sensor to sense a die temperature 
of the integrated circuit. The sensor generates two oscillating signals. The first 
oscillating signal has a firequency value that is substantially independent of the die 
temperature of the integrated circuit while the second oscillating signal has a 
fi-equency value that is dependent upon the die temperature of the integrated circuit. 
A counter performs a first count on the first oscillating signal and a second count on 
the second oscillating signal until the first coimt of the first oscillating signal reaches 
a desired value. Upon reaching the desired value of the first count, the counter halts 
the second count of the second oscillating signal. The second count of the second 
oscillating signal is then sampled to indicate the die temperature of the integrated 
circuit as sensed by the thermal sensor. To ensure the accuracy of the second count of 
the second oscillating signal, the control signal utilized to halt the second count of the 
second oscillating signal is synchronized to the second oscillating signal's frequency 
domain. The control signal is fiuther synchronized with an edge of a system clock 
signal to ensure that a shift register that asserts the second count of the second 
oscillating signal is holding stable data before it serially shifts data in imison with the 
system clock signal. 

The above-described approach benefits a microprocessor architecture that 
utilizes an active sensor to report a die temperature of the microprocessor. As a 
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consequence, the microprocessor is able to monitor and react to an unacceptable die 
temperature measurement by the thermal sensor without the processor malfunctioning 
or halting altogether. Moreover, the thermal sensor merely utilizes the system clock 
to synchronize the operation of a shift register that asserts the sensed die temperature 
of the integrated circuit. In this manner, the thermal sensor is still able to accurately 
sense a die temperature of an integrated circuit even if the system clock is slowed or 
throttled due to over temperature concerns of the integrated circuit or due to any other 
effect that would reduce the operating frequency of the system clock. 



O 10 In yet another aspect of the present invention, a thermal sensor embedded in 
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an integrated circuit that asserts a die temperature value is provided. The thermal 
sensor includes a sensor circuit that generates an oscillating reference signal and a 
temperature dependent oscillating signal. The oscillating reference signal generated 
til by the sensor circuit is substantially temperature independent. The thermal sensor 

Lj.. 

5^ 15 also includes an output circuit that converts the oscillating reference signal and the 
temperature dependent oscillating signal into the die temperature value. 

Brief Description of the Drawings 

20 An illustrative embodiment of the present invention will be described below 

relative to the following drawings. 

Figure 1 depicts a block diagram of an integrated circuit suitable for practicing 
the illustrative embodiment of the present invention. 

25 
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Figure 2 illustrates a block diagram of the exemplary thermal sensor suitable 
for practicing the illustrative embodiment of the present invention. 

Figure 3 depicts a block diagram of the oscillator circuit of the exemplary 
5 thermal sensor suitable for practicing the illustrative embodiment of the present 
invention. 

Figvire 4 depicts a block diagram of an exemplary counter circuit of the 
exemplary thermal sensor suitable for practicing the illustrative embodiment of the 
present invention. 

Figure 5 is a flow diagram illustrating steps taken for practicing an illustrative 
embodiment of the present invention. 

Detailed Description 

The illustrative embodiment of the present invention provides a thermal sensor 
that indicates a die temperature of an integrated circuit with an accuracy of ± 1 .5°C. 
In the illustrative embodiment, a thermal sensor of an integrated circuit is adapted to 
have an oscillator circuit to produce two oscillating signals and a counter circuit to 
convert the two oscillating signals into a value that represents the sensed die 
temperature of the integrated circuit. 

In the illustrative embodiment, the thermal sensor is attractive for use in 
25 integrated circuits that desire a highly accurate die temperature measurement. The 
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internal sensor operates in an independent manner, that is, without the need for an 
independent vohage or current source. Moreover, the thermal sensing properties of 
the thermal sensor are unaffected by frequency variation of the system clock. The 
illustrative embodiment allows for an active thermal sensor to be placed in multiple 
locations across an integrated circuit, such as a microprocessor to permit thermal 
profiling of the integrated circuit as its executes various functions, for example 
various code streams. 

Figure 1 is a block diagram of an exemplary integrated circuit 12 that is 
suitable for practicing the illustrative embodiment of the present invention. The 
thermal sensor 14 is an active device within the exemplary integrated circuit 12. The 
thermal sensor 14 is an independent sensor in that it operates without an independent 
current source or an independent voltage source. The thermal sensor 14 is embedded 
in the die of the exemplary integrated circuit 12 to provide an accurate die 
temperature measurement of the exemplary integrated circuit 12. The measurement 
accuracy of the thermal sensor 14 is about ± l.S'^C. Those of ordineuy skill in the art 
will recognize that the thermal sensor 14 can also be adapted to operate with an 
independent voltage source and an independent current source. In this manner, the 
thermal sensor 14 can be utilized as a calibration sensor to provide a baseline 
measurement of the exemplary integrated circuit 12 while the exemplary integrated 
circuit 12 is in a power down state. Moreover, those of ordinary skill in the art will 
recognize that the exemplary integrated circuit 12 can include more than one thermal 
sensor 14, for example two sensors, three sensors, four sensors or more depending on 
the die size of the integrated circuit or the number of areas that are to be monitored or 
both. 
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Figure 2 illustrates the thermal sensor 14 in more detail. The thermal sensor 
14 is adapted to include an oscillator circuit 20 and a counter circuit 22. The 
oscillator circuit 20 generates an oscillating reference signal and a temperature 
dependent oscillating signal that drives the counter circuit 22. The counter circuit 22 
performs a count on the oscillating reference signal and a count on the temperature 
dependent oscillating signal to determine a die temperature value of the exemplary 
integrated circuit 12. Those of ordinary skill in the art will recognize that the counter 
circuit 22 can perform the count of each signal asserted by the oscillator circuit 20 
based on either a rising edge transition of each oscillating signal, a falling edge 
transition of each oscillating signal or based on any other suitable manner, for 
example, the number of zero-point crossings, or the like. When the count for the 
oscillating reference signal reaches a desired or predetermined value, a control signal 
within the counter circuit 22 is asserted to halt the count of the temperature dependent 
oscillating signal. To generate the control signal utilized to halt the count of the 
temperature dependent oscillating signal, an output signal 47 of the first counter 
circuit 40, which are illustrated in Figure 4, is synchronized to an edge of the 
temperature dependent oscillating signal to ensure an accurate count. The control 
signal is then synchronized with a system clock signal of the exemplary integrated 
circuit 12 to control when the count of the temperature dependent oscillating signal is 
loaded in parallel into a shift register. The count loaded into the shift register 
represents the newest temperature measurement of the thermal sensor 14 and is 
shifted out of the thermal sensor 14 in serial fashion in conjunction with the system 
clock signal. 
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Figure 3 illustrates the oscillator circuit 20 in more detail. The oscillator 
circuit 20 is adapted to include a temperature dependent oscillator circuit 24 and a 
reference oscillator circuit 26. The temperature dependent oscillator circuit 24 
generates the temperatvire dependent oscillating signal and the reference oscillator 
circuit 26 generates the oscillating reference signal. Typically, the oscillating 
reference signal oscillates at a higher frequency value than the temperature dependent 
oscillating signal. 

The temperature dependent oscillator circuit 24 includes a temperature 
dependent voltage source 28 coupled to a voltage regulator 30 that drives the voltage 
controlled oscillator (VCO) 32 with a temperature dependent voltage signal to 
generate the temperature dependent oscillating signal. The temperature dependent 
voltage source 28 generates a voltage signal having a voltage value that is dependent 
upon the temperature of the substrate on w^hich the die of the exemplary integrated 
circuit 12 is built. As the temperature of the substrate increases the voltage value of 
the voltage signal asserted by the temperature dependent voltage source 28 decreases. 
In contrast, as the temperature of the substrate on which the die of the exemplary 
integrated circuit 12 is built decreases, the voltage value of the voltage signal asserted 
by the temperature dependent voltage source 28 increases. The temperature 
dependent voltage source 28 is configured as a Delta Voltage base-emitter (Vbe) 
circuit. The temperature dependent voltage source 28 utilizes an output node of the 
Delta Vbe circuit to generate the temperature dependent voltage signal. The output 
node utilized by the temperature dependent voltage source 28 is not affected by the 
current mirroring that occurs within the Delta Vre circuit to cancel a negative 
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temperature coefficient and a positive temperature coefficient to generate the 
reference voltage signal that is discussed below in conjunction with the reference 
oscillator circuit 26. Those of ordinary skill in the art will recognize that the Delta 
Vbe discussed above is also know in the art as a bandgap reference circuit. 

5 

The voltage regulator 30 operates to control the current drive to the VCO 32 
which, in tum, significantly improves the power supply rejection ratio (PSRR) of the 
temperature dependent oscillator circuit 24. In this fashion, power supply noise 
associated with the power grid or bus that drives the oscillator circuit 20 can be 
10 dramatically reduced to ensure that the temperature dependent oscillator circuit 24 is 
desensitized to power supply noise. This allows the temperature dependent oscillator 
circuit 24 to generate a stable temperature dependent oscillating signal. Nevertheless, 
those of ordinary skill in the art will recognize that the temperature dependent 
oscillator circuit 24 can be configured to operate without the voltage regulator 30. 

15 

The VCO 32 generates a temperature dependent oscillating signal having a. 
frequency value directly proportional to the voltage value of the temperature 
dependent voltage signal generated by the temperature dependent voltage source 28. 
In this manner, as the temperature of the substrate on which the die of the exemplary 

20 integrated circuit 12 increases, the voltage value of the temperature dependent voltage 
signal asserted by the temperature dependent voltage source 28 falls in value, which, 
in turn, results in the VCO 32 generating a temperature dependent oscillating signal 
with a lower frequency value. In contrast, if the temperature of the substrate on 
which the die of the exemplary integrated circuit 12 is built decreases, the temperature 

25 dependent voltage source 28 generates a temperature dependent voltage signal having 
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a higher voltage value, which, in turn, results in the VCO 32 generating a temperature 
dependent oscillating signal having a higher frequency value. 

The reference oscillator circuit 26 is adapted to include a temperature 
independent voltage source 34 coupled to a voltage regulator 36 to drive a VCO 38 
with a substantially temperature independent voltage signal to generate the oscillating 
reference signal. The temperature independent voltage source 34 provides a voltage 
signal having a voltage value that is substantially independent of the substrate 
temperature on which the die of the exemplary integrated circuit 12 is built. Those of 
ordinary skill in the art will recognize that the temperature independent voltage source 
34 can be configured as a Vbe reference circuit or bandgap reference circuit. In 
operation, the bandgap reference circuit generates a differential voltage between two 
bipolar base emitter voltages (Vbe). Essentially, the bandgap reference circuit 
generates a voltage with a positive temperature coefficient having the same 
magnitude as the Vre's negative temperature coefficient, which are added together 
through a current mirroring technique to result in a voltage signal with a zero value 
temperature coefficient. Consequently, the voltage signal generated by the bandgap 
reference circuit is substantially independent of the die temperature of the exemplary 
integrated circuit 12. 

The voltage regulator 36 current limits the voltage signal generated by the 
temperature independent voltage source 34 to significantly improve the PSRR of the 
reference oscillator circuit 26. In this manner, the voltage regulator 36 filters a 
significant amount of power supply noise associated with the power bus (Vdd) that 
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provides power to the reference oscillator 26. Consequently, the oscillating reference 
signal generated by the VCO 38 is a more robust and stable signal. 

The VCO 38 generates an oscillating reference signal having a frequency 
value directly proportional to the voltage value of the voltage signal generated by the 
temperature independent voltage source 34. The voltage value of the voltage signal 
generated by the temperature independent voltage source 34 remains substantially at 
the same voltage level regardless of an increase or decrease in the temperature of the 
substrate on which the die of the exemplary integrated circuit 12 is built. As such, the 
frequency value of the oscillating signal generated by the VCO 38 is substantially 
unchanged as the die temperature of the exemplary integrated circuit 12 increases, or 
decreases. 

From the discussion above, those of ordinary skill in the art will recognize that 
the temperature independent voltage source 34 and the temperature dependent voltage 
source 28 can be configured as a single voltage reference source, such as a bandgap 
reference circuit or as two distinct voltage reference sources, such as two bandgap 
reference circuits. Moreover, those of ordinary skill in the art will appreciate that the 
configxiration of the oscillator circuit 20 offers a significant benefit in terms of noise 
immunity because Vss and substrate noise are common to both the temperature 
independent voltage source 34 and the temperature dependent voltage source 28. 

Figure 4 illustrates the counter circuit 22 in more detail. The coimter circuit 
22 is adapted to include a first counter circuit 40, a second counter circuit 42 and an 
output circuit 43. The first counter circuit 40 performs a first count on the oscillating 
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reference signal generated by the reference oscillator circuit 26. The second coxinter 
circuit 42 performs a second count on the temperature dependent oscillating signal 
generated by the temperature dependent oscillator circuit 24. The output circuit 43 
operates to assert the sensed die temperature as sensed by the thermal sensor 14. 
5 Those of ordinary skill in the art will recognize that the first counter circuit 40 and the 
second counter circuit 42 can be configured to perform their respective count in a 
number of ways. For example, the counters can perform a coimt based on a rising 
edge, a falling edge or both, a count based on the number of threshold crossings or 
any analog to digital conversion technique that is suitable to the needs of the 
10 application. 

The first counter circuit 40 includes a counter register 46 coupled to an 
incrementer 44. The counter register 46 is clocked by the oscillating reference signal 
generated by the reference oscillator circuit 26. The first counter circuit 40 is an edge 



jjl 1 5 sensitive circuit that increments the value held by the counter register 46 by one for 
each received cycle of the oscillating reference signal. Those of ordinary skill in the 
art will recognize that the first counter circuit 40 can be configured to increase the 
count held by the counter register on either a rising edge or a falling edge of the 
oscillating reference signal. Moreover, those of ordinary skill in the art will recognize 
20 that the first counter circuit 40 can be configured to be either an up counter or a down 
counter to perform the count on the oscillating reference signal. 

In operation, the counter register 46 is typically configured to be a twelve-bit 
register. The counter register 46 stores the current count of the oscillating reference 
25 signal as determined by the incrementer 44 until the counter register 46 reaches a 
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maximum count value. When the counter register 46 reaches its maximum count 
value, it asserts an output signal 47 to the first synchronizer circuit 51. The 
incrementer 44 increments the count held by the counter register 46 by one in 
accordance with a detected edge of the oscillating reference signal. The incrementer 
44 typically increments the count held by the counter register 46 by one upon the 
detection of a positive edge transition of the oscillating reference signal. Those of 
ordinary skill in the art will recognize that the first counter circuit 40 operates in a 
clock domain that is independent of the system clock domain for the exemplary 
integrated circuit 12. In this manner, the first counter circuit 40 can perform an 
accurate count on the oscillating reference signal over a wide range of system clock 
frequencies. This capability is significant should the system clock frequency be 
reduced or throttled to reduce power dissipation of the exemplary integrated 
circuit 12. 

The second counter circuit 42 is adapted to include an incrementer 48 coupled 
to a counter register 50 to perform a count on the temperature dependent oscillating 
signal generated by the temperature dependent oscillator circuit 24. The counter 
register 50 holds the current count of the temperature dependent oscillating signal as 
determined by the incrementer 48. The incrementer 48 increments the count held by 
the counter register 50 by one upon detection of an edge of the temperature dependent 
oscillating signal. Typically, the incrementer 48 increments the count held by the 
counter register 50 by one for each detected rising edge of the temperature dependent 
oscillating signal. Nevertheless, those of ordinary skill in the art will recognize that 
the incrementer 48 can also be configured to increment the count held by the counter 
register 50 by one upon the detection of a falling edge of the temperature dependent 
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oscillating signal. Those of ordinary skill in the art will recognize that the second 
counter circuit 42 operates in a clock domain that is independent of the system clock 
domain for the exemplary integrated circuit 12 and the clock domain of the first 
counter circuit 40. In this manner, the second counter circuit 42 can perform an 
accurate count on the temperature dependent oscillating signal over a wide range of 
system clock frequencies. This capability is significant should the system clock 
frequency be reduced or throttled to reduce power dissipation of the exemplary 
integrated circuit 12. 

In operation, the counter register 50 is typically configured to be an eleven-bit 
register to hold the count determined by the incrementer 48. Those of ordinary skill 
in the art will recognize that counter register 46 is configured to hold at least one 
more bit than the counter register 50 because the oscillating reference signal typically 
has a higher frequency value than the temperature dependent oscillating signal. In 
this manner, the most significant bit of the counter register 46 can be used to generate 
the output signal 47, which, in tum, initiates assertion of the first control signal 53 to 
halt the count in the second counter circuit 42. Moreover, those of ordinary skill in 
the art will recognize that the number of bits that the counter registers 46 and 50 hold 
can vary depending on the application, the accuracy of the temperature measurement 
required and the like. 

As indicated above, the incrementer 48 and the counter register 50 operate in a 
second time domain that is independent of the system time domain provided by the 
system clock driver 64 and the time domain of the first counter circuit 40. In this 
manner, the incrementer 48 and the counter register 50 are able to accurately measure 
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the current die temperature of the exemplary integrated circuit 12 even if the system 
clock domain frequency is reduced to compensate for an over temperature condition 
in the exemplary integrated circuit 12. As such, those of ordinary skill in the art will 
recognize that the thermal sensor 14 operates with three distinct clock domains. 

The output circuit 43 is adapted to include a first synchronizer circuit 5 1 , a 
second synchronizer circuit 5$ and a shift register 62. The first synchronizer circuit 
51 synchronizes an edge of the output signal 47 from the counter register 46 and an 
edge of the temperature dependent oscillating signal to assert a first control signal 53. 
The second synchronizer circuit 55 synchronizes an edge of the first control signal 53 
asserted by the first synchronizer circuit 5 1 with an edge of a system clock signal of 
the exemplary integrated circuit 12 to enable the loading of the shift register 62. The 
shift register 62 serially shifts out the count from the second counter circuit 42 to 
indicate the temperature value sensed by the thermal sensor 14. 

The first synchronizer circuit 5 1 includes a synchronizer 52 to assert the first 
control signal 53 and an edge detector 54. The first control signal 53 asserted by the 
synchronizer 52 is coupled to the edge detector 54 to detect an edge transition of the 
first control signal 53 asserted by the synchronizer 52. The edge detector 54 is 
utilized to assert a reset signal to the counter register 50 upon the detection of a falling 
edge of the first control signal 53 to reset the counter register 50 to zero. The first 
control signal 53 asserted by the synchronizer 52 also provides the counter register 50 
with an enable indication to begin a new count of the temperature dependent 
oscillating signal. Typically, the counter register 50 is adapted with an inverse logic 
enable. In operation, the first control signal 53 halts the count by the second counter 
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circuit 42. The count held by the counter register 50 when the second counter circuit 
42 is halted by the first control signal 53 represents a current temperature of the die of 
the exemplary integrated circuit 12 as sensed by the thermal sensor 14. The first 
control signal 53 asserted by the synchronizer 52 also drives a second synchronizer 
circuit 55. 

The second synchronizer circuit 55 includes a system clock driver 64 that 
asserts the system clock signal. Also included in the second synchronizer circuit 55 is 
a synchronizer 56 and a clock divider 60. The clock divider 60 reduces the frequency 
value of the system clock signal asserted by the system clock driver 64 to ensure that 
the synchronizer 56 asserts a valid second control signal 57. Those of ordinary skill 
in the art will recognize that the clock divider 60 is an optional element that allows 
the illustrative embodiment to operate over a range of system clock signal 
frequencies. The second valid control signal allows a shift register 62 to be loaded 
with the current count held by the counter register 50. The second synchronizer 
circuit 55 also includes an edge detector 58 that is coupled to the output of the 
synchronizer 56 to detect an edge transition of the second control signal 57 asserted 
by the synchronizer 56. Upon detection of a positive edge transition of the second 
control signal 57 by the edge detector 58, the edge detector 58 asserts an enable signal 
to the shift register 62 to enable a parallel load of the current count held by the 
counter register 50. The system clock driver 64 also clocks the shift register 62 to 
serially shift out the coimt held by the shift register 62 for evaluation. 

Figure 5 illustrates the steps taken by the thermal sensor 14 to determine a die 
temperature of the exemplary integrated circuit 12. To sense a die temperature of the 
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exemplary integrated circuit 12, an oscillating reference signal is generated (Step 70) 
and a temperature dependent oscillating signal is generated (Step 72). The oscillating 
reference signal typically oscillates at a higher frequency value than the temperature 
dependent oscillating signal. The oscillating reference signal and the temperature 
dependent oscillating signal are each provided to a counter which performs a count on 
the number of cycles in the oscillating reference signal (Step 74) and a count on the 
number of cycles in temperature dependent oscillating signal (Step 76). When the 
counter for the oscillating reference signal reaches a pre-determined value an output 
signal is asserted and synchronized to the temperature dependent oscillating signal to 
assert a first control signal (Step 78). The assertion of the first control signal causes 
the count for the temperature dependent oscillating signal to halt. 

The first control signal is further synchronized with the frequency of a system 
clock signal to produce a second control signal 57. The second control signal 57 is 
monitored for a particul2ir edge transition. When the particular edge transition is 
detected, the value stored by the coimter performing the count of the temperature 
dependent oscillating signal is moved in parallel to a shift register to become the 
newest die temperature measurement of the thermal sensor 14. The shift register then 
asserts its newly loaded value in serial fashion to indicate a die temperature of the 
exemplary integrated circuit 12 (Step 80). At this point, the counter performing the 
count of the temperature dependent oscillating signal is reset to zero and the 
measurement process begins again once the output signal of the counter performing 
the count on the oscillating reference signal returns to a logic "0" level (Step 82). 



18 



SMQ-088/P6549 



While the present invention has been described with reference to a preferred 
embodiment thereof, one of ordinary skill in the art wdll appreciate that various 
changes in form and detail may be made without departing from the intended scope of 
the present invention as defined in the pending claims. For example, the shift register 
that is responsible for serially shifting the sensed die temperature value can be 
configured with additional control features such as a shift enable or with a scan data 
port to add additional fimctionality and ensure proper operation. Moreover, the shift 
register that shifts out the sensed die temperature value can be adapted to shift out the 
sensed temperature value in parallel fashion. The thermal sensor can be configured to 
assert a signal to indicate to a microprocessor that a current die temperature value is 
available. In addition, multiple thermal sensors can be coupled together in a single 
serial shift chain. Furthermore, the sensed die temperature value can be fiirther 
processed, for example the die temperature measurement can be subtracted from 2048 
and the three most significant bits could be dropped to provide an 8-bit value that has 
the measurement accuracy as the 1 1-bit value and so on. 
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